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Abstract
In recent years, there is a growing interest in the research of color image de-noising algorithms. A tight framelet is a 
wavelet frame constructed by multiresolution analysis. The properties of tight framelet and its applications on gray 
image denoising have been well studied. Our goal is to explore the power of tight framelet to de-noise color images. 
We analyze the relationship between gray images and color images. The frame-based gray image de-nosing scheme is 
extended to color image de-noising. Experimental results of color image de-noising show that the new method has a 
better performance than AMF approach.
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of ICAE2011.
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1. Introduction
Digital images are often distorted or degraded by noise. The classic image de-noising problem is
modeled as follows:
                                                                     noisyI I n= + (1)
where noisyI is a measured noisy image, I is an original image to be recovered, and n is an additive zero-
mean white and homogeneous Gaussian noise. The aim of image de-noising algorithms is to find an 
estimate of the ideal image I from the noisy image noisyI using prior information on noise and/or the ideal
image. If color image de-noising problem is concerned, noisyI , I and n all consist of three channels.
The most popular de-noisinging methods separate the ideal image I from the noise n in the noisy 
image noisyI based on an assumption that frequency spectrums of the ideal image distribute in a low
frequency band. For example, wavelet-based de-noising methods in [1] are carried out by thresholding 
wavelet coefficients(high frequency information) in the wavelet domain. A framelet is a tight wavelet 
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frame constructed via multiresolution analysis. It has the advantages of both wavelets and frames.
Framelet-based gray image de-nosing scheme has been proposed in [2]. 
A color image has three channels: red, green, and blue. These three channels roughly follow the color 
receptore in the human eyes. RGB color space is used mostly in computer displays and image scanners. 
Each channel of a color image is the grayscale image of the same size as a color image, which is made of 
just one of these primary colors. Because of this, we can apply the gray image de-noising scheme to each 
color channel independently and finally the three denoised channels are merged.
2. Tight framelet and gray image de-noising
In this section, we review the tight framelet theory briefly and refer the readers to Ref. 2, 3, 4 for 
detailed descriptions. Let K N×∈ ¡A be a matrix and the tight framelet system also denoted byA if for 
any arbitrary Nf ∈ ¡ ,
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Its synthesis operator * : K N→　A can be defined as
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From the definitions above, we can draw a conclusion thatA is a tight frame if and only if * I=A A .
And when { }*ker 0≠A , the tight framelet system is redundant and * I≠AA , where I is an identity 
matrix.
There are many choices for the design of tight frame A similar to wavelet transformation. For example, 
it can be generated from the spline wavelet frame filters by using the unitary extension principle, as 
described in Ref. 2.
From the given spline wavelet frame filters ih , a tight frame systemA can be designed. Let h be one 
of these filters,
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If Neumann boundary condition is used, then the matrix representation of h can be reached,
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where ( ) ( ) ( )(2 1) :
t t t
n i j i jG H H+ + = ⊗ , 0 , 2i j n≤ ≤ and ' '⊗ is tensor product. Finally, for any integer 
0L > , a tight frame system A is given as follows
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It is easy to prove thatA is a tight frame in N¡ according to * I=A A and * *
L LL L
I+ =L L A A .
Gray image de-nosing problem can be modeled as *f f ε= + onΛ and recovering *f in Ω \Λ is the 
objective. Hence define the projection operator
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where ( )f i is the grey level of pixel i . At last, the de-noising procedure can be defined as 
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where T is a thresholding operator and 0f be the initial guess of the ideal image. For more information 
about tight framelet theory and its application on missing data recovering , readers are refered to Ref. 2.
3. Color image de-noising
Color images are digital images that include color information for each pixel. For people’s visual 
acceptability, it is necessary to provide three color channels for each pixel. They are interpreted as 
coordinates in some color space. The RGB color space is commonly used in computer displays. However, 
there still exist some other spaces such as YCbCr, HSV, which are often used in other contexts.
3.1. RGB color space
The RGB color model is based on the Young–Helmholtz theory of trichromatic color vision, which is 
developed by T. Young and H. Helmholtz in the early of nineteenth century. The name of the model 
comes from the initials of the three additive primary colors, red, green, and blue[5].
A color in the RGB space is described by indicating that how much of the red, green, and blue is 
included, which can be expressed as an RGB triplet (r, g, b). each component of one pixel can vary from 
zero to a defined maximum value, such as 255. If all the three components are at zero, the result is black
while if all are 255, the result is the brightest representable white. Hence, an RGB triplet (r, g, b) can be 
used to represent the three-dimensional coordinate of the pixel of the given color within the cube as 
shown in figure 1. We develop the image de-noising algorithm in R, G, B channels. Finally the denoised 
samples are merged.
3.2. Noise models
Color image noise is random variation of color information in images, and is usually an aspect of 
electronic noise. Noise in imaging systems is usually either additive or multiplicative.
In many imaging systems, the noise is often modeled as an additive noise: given an original image I ,
we assume that it has been corrupted by some additive noise n . The denoising problem is then going to 
recover I from the data noisyI I n= + , as shown in formula 1.
Amplifier noise and salt-and-pepper impulse noise are the two major parts existing in images. The
standard model of amplifier noise is additive, Gaussian and independent at each pixel. It is also known as 
Gaussian noise. Amplifier noise is independent of the signal intensity, and primarily comes from the reset 
noise of capacitors. Salt-and-pepper impulse noise is sometimes called salt-and-pepper noise or spike 
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noise. It is a form of noise typically seen on images. Salt-and-pepper impulse noise represents itself as 
randomly occurring white and black pixels. An image containing salt-and-pepper impulse noise will have 
dark pixels in bright regions and bright pixels in dark regions[6]. Images corrupted by salt-and-pepper 
noise in situations where quick transients, such as faulty switching or take place. Existing effective noise 
reduction methods for this type of noise involves the usage of a median filter, such as adaptive median 
filter method (AMF). In this paper, we develop a new method using tight framelet to reduce this type of 
noise from color images and compare with AMF method.
Color image de-noising consists of scalar filtering and vector filtering methods. The algorithm 
developed in this work based on scalar filetering idea, which means the noisy color image noisyI is 
divided into three samples firstly. And then the R, G and B channels are denoised independently. Finally, 
the three denoised channels are merged to form a denoised color image. We summarize the color image 
de-noising procedure in figure 2.
The tight framelet gray image de-noising method described in sectionis 2 (formula 9) is used to the R, 
G and B channels, and is named TF-based de-noising schemes. The initial guess of the ideal image 0f in 
formula 9 can be obtained using AMF method proposed in [7].
Fig.1 RGB color space;Fig.2 De-noising procedure
4. Experiments
In this section we demonstrate the results achieved by applying the color image de-noising algorithm 
on several test images. The objective of these experiments is to verify the ability of wiping off salt-and-
pepper impulse noise from images and compare with AMF method. The test images include Baboon, Bird, 
Lena and PepperColor images with different image detail and edges, as shown in figure 3.
Experimental results on all four color images, including soft thresholding(TF-Soft) and hard 
thresholding(TF-Hard), are shown in Table 1, comparing with AMF method. Every result reported in 
Table 1 is an average over 5 experiments, having different realizations of the noise.
As we can see from Table 1, TF-based methods have a better performance than traditional AMF
method. Averaging the results in this table and we can find that the PSNR value of AMF method is 
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25.1833dB. For the methods of TF-Hard and TF-Soft, an average of 29.6459dB and 29.0214dB are 
abtained, giving about 4.5dB and 3.8dB advantage respectively. Fig.4 and Fig.5 shows the result of the 
proposed algorithm and AMF algorithm for the image "Baboon", at 60% and 90% noise respectively.
      
Fig.3 Test images                                 Fig.4 Example of the de-noising                Fig.5 Example of the de-noising 
results for the image 'Baboon'                   results for the image 'Baboon'
at 60% noise                                                at 90% noise
5. Conclusions
In this paper we have studied the problem of color image denoising and described an effective method 
using tight framelet.
A tight framelet is a wavelet frame constructed by multiresolution analysis. The properties of tight 
framelet and its applications on gray image denoising have been well studied. The contribution of this 
work is to explore the power of tight framelet to de-noise color images. A noisy color image is divided 
into three samples and then the R, G and B channels are denoised independently. The three denoised
channels are merged to form a denoised color image finally. Experimental results show that the new 
method has a better performance than AMF approach.
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